
UNCLASSIFIED

AD NUMBER
AD368427

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; SEP 1965. Other requests shall
be referred to Office Chief of Research
and Development, Attn: Army, Washington,
DC 20310.

AUTHORITY
30 Sep 1977, Group-4, per document
marking, DoDD 5200.10; DANA ltr, 13 May
1975

THIS PAGE IS UNCLASSIFIED



TI41S REPORT HAS BEEN DELIMITED

AND CLEARED FOR PURBL:C RELEASE

UNDER DOD DIRECTIVE 5200.20 AND
NO RESTRICTIONS ARE IMPOSED UPON

ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC REt.,EAStj

DISTRIBUTION UNLIMITED,



Results of Employing a Modified Reticle

Designed To Assist the Gun'ner in Compensating

for Trunnion Cant in Tanks (U)

DISTRIBUTION SmTL'E,,/
"in addition to secr-ity rerifren'~s which must be

met, this document sis 'ject, to special e~port
controlf and each -ransrmittal t:) foreigzn govern-
ments or foreign natio.:,als ms~y be made only writh
prior approval off z Offif?-e of the Chief of
Reses-rch and Deteloprnrz-t, liTr-ariquarters, Department
of the Ar-,-a, Washington, D. C." 20310



CONFIDENTIAL I

The contents of RAC publications, includingthe conclusions,
represent the views of RAC and should not be considered as
having official Department of the Army approval, either ex-
pressed or implied, until reviewed and evaluated by that agen-
cy and subsequently endorsed.

This document contains information affecling the national
defense of the United States within the meaning of the
Espionage Laws, Title 18, U. S. C., Sections 793 and 794.
The transmission or the revelation of its contents in any
manner to an unauthorized person is prohibited by law.

CONFIDENTIAL



CONFIDENTIAL

FIELD EXPERIMENTS DEPARTMENT
TECHNICAL PAPER RAC-TP-176
Published September 1965

I

Results of Employing a Modified Reticle

Designed To Assist the Gunner in Compensating

for Trunnion Cant in Tanks (U)

by

Charles A. Bruce Jr.

T. Donald Dixon
Andrew J. Eckles Ill

Wilbur V. Johnson

DISTRIBYLION S-TAr2,NT

"In addition to secUtrity re(4-ir"met---as which must be

met, this document is subject to special export
controls and each transmittal to foreign govern-

ments or foreign nationals may be made only with

prior approval of the Office of the Chief of

Research ad De eadquarters, Department

W: of the Arzmy, Washington, D. Co. 20310

RESEARCH ANALYSIS CORPORATION

MCLEAN, VIRGINIA

CONFIDENTIAL
k. . .....k



FOREWORD

The effects of trunnion cant are significant when firing am-
munition with muzzle velorities of 2500 fps or lower.

This paper presents the conduct and analysis of data result-
ing from an experiment (conducted at Ft Stewart, Ga., during the
period 23 June-4 July 1963) designed to evaluate the effectiveness
of a modified reticle and to assist the gunner in compensating for
the effects of trunnion cant.

The use of ballistics computers that automatically correct
for the effects of trunnion cant is the most satisfactory solution.
The data presented here show that cant is an important source of
gunnery error and thatthe employment of a modified reticle as an
interim measure to assist the gunner in compensating for cant
results in increased accuracy of fire.

R. E. Tiller
Chief, Field Experiments

Division
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Problem

To as-sess the performance of tank gunners employing a modified reticle
to assist in compensating for the influence of trunnion cant in the M60 tank
main gun.

Facts

Trunnion cant decreases hit probability of the 105-mm high-explosive
plastic (HEP) round at normally expected combat ranges (500 to 1500 m). An
earlier RAC publication' considered cant as a fixed bias and proposed an in-
terim measure as compensation. Ballistics computers that will automatically
correct for trunnion cant and other major sources of tank-gunnery errors,
such as parallax, drift, jump, and crosswind, will ultimately provide the most
satisfactory solution. This memorandum describes an experiment using a
modified recticle to compensate for cant when firing high-explosive plastic
tracer (HEP-T) and high-explosive antitank tracer (HEAT-T).

Discussion

During the period 23 June-4 July 1963 an experiment was conducted at
Ft Stewart, Ga., to compare the hit probabilities resulting from firings by ex-
perienced gunners using the M60 tank standard reticle with those resulting
from firings by a different group of experienced gunners using a reticle mod-
ified with engraved aim.-offs to correct for the effects of trunnion cant. A total
of 379 (including zeroing and warm-up rounds) 105-mm rounds of ammunition
was fired during the experiment under controlled conditions.

The factors of degree of trunnion cant, direction of trunnion cant, and
target range were investigated to determine their effects on hit probability
when using both the standard and a modified reticle.

Miss distances from the • ocr of the target were ,he experimental data
collected. An analysis of miss distances was performed to assess the increased
accuracy resulting from the use of a modified reticle.

The effects of trunnion cant are significant when firing ammunitions with
muzzle velocities of approximately 2500 fps or lower, but they are relatively
minor for high-velocity ammunitions (3000 fps or higher) at normally expected

1
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combat ranges. Although these results may be pertinent only to the M60 tank
firing HEP without the aid of an automatic ballistics computer, they will be of
importance in the development of future weapons systems possessing capabili-
ties of firing either guided missiles or low-velocity ballistic projectiles. It is
necessary that the design of these new weapons incorpcr--te a system that will
compensate for trunnion cant and other sources of tank-gunnery errors.

Conclusion

The employment of a modified reticle will compensate for the effects of
trunnion cant by significantly increasing hit probability of the standard non-
ballistic reticle. In addition to increasing first-round hit probability the tim-
ployment of the modified reticle will significantly increase tie overall first- or
second-round hit probability by a factor of 1.5 tc 2 over canted firings utilizing
the standard reticle.

2
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ABBREVIATIONS

APDS-T armor-piercing discarding-sabot tracer (ammunition)
BC battery commander
CDC Combat Developments Command
HEAT-T high-explosive antitank tracer (ammunition)
HEP high-explosive plastic (ammunitiou)
HEP-T high-explosive plastic tracer (ammunition)
MTB medium tank battalion
SFC sergeant first class
TP-T training practice trscer (ammunition)



S•~~~~ - • • •7,•. ,

CONFIDENTIAL

INTRODUCTION

This study had its origins in the work of a RAC field team that conducted
experiments in Germany during March-April 1962, with the 1st MTB, 32d Armor,
3d Armd Div. Gun cameras were used on M60 tanks in the experiments,anddur-
ing the film analysis it was observed that a "majority of the fire pictures in-

dicated that the firing tank had a noticeable amourt of trunnion cant-one time
as high as 20 deg."' Calculation of the change in impact point due to firing
from a canted position predicted' a considerable degradation in first-round hit
probability, particularly for HEP ammunition. This prediction was realized in
some preliminary firings done from canted positions during field experiments
in Germany in July-August 1962.

The demonstration of the cant-produced degradation in hit probability
evoked proposals for compensating devices, the most readily applicable being
a reticle with additional aiming crosses engraved on it.' The position of each
cross was to be calculated to produce a first-round hit at a given range with
a particular degree of cant. Such a modified reticle was used in a cant experi-
ment2 with the M60 tank 105-mm main gun at Ft Knox, Ky. during April 1963.
Firings from tanks with standard, unmodified reticles under similar conditions
were conducted for comparison; the results with the modified reticle were sub-
stantially better,

The purpose of the present study, like that of the Ft Knox experiment, is
to assess the performance of a modified reticle relative to the standard non-
ballistic reticle for the M60 tank 105-mm main gun firing from canted posi-
tions. At Ft Knox each shot was recorded only as a target hit or a miss; in
this study the coordinates o" the impact point are measured (with the center of
the target cross as origin) for each shot. This determination of the distribution
of impact points affords a better estimate of hit probability than does the *rac-
tion of shots hitting the target.

CONDUCT OF EXPERIMENT

Modified Reticle

The standard M60 reticle was modified by engraving auxiliary aim-off
crosses on it as illustrated in Fig. 1. The positions of the crosses were cal-
culated',3 to produce first-round hits at 1200 m with HEP-T ammunition for
guns, zeroed with armor-piercing discarding-sabot tracer (APDS-T) ammu-
nition at 1200 m. The angular coordinates of the engraved crosses for the
6 deg of cant considered are given in Table 1.

In the primary phase of the experiment training practice, tracer (TP-T)
ammunition was used to simulate the ballistic characteristics of HEP-T while

5
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Fig. 1--Modified Reticle with Auxiliary Aim-off Crosses
4or 5, 10, and 15 Deg of Cant

TABLE 1

Coordinates of Aim-off Points Engraved on
Modified Reticle

Aim-off coordinates, mils
Cant magnitude,* deg

Horizontal Vertical

15 L -3.24 0.31
10L -1.97 0.09
5 L -0.66 -0.01
5 R 1.94 0.12

1OR 3.22 0.35

15 R 4.47 0.70

aL, left; R, right.

avoiding its destructive capability. In the secondary phase a limited number
of HEAT-T rounds were fired to assess the importance of trunnion cant on am-
munition with a considerably higher muzzle velocity (3800 fps as compared with
2400 fps for HEP-T 4).

Range Layout

Figure 2 shows the layout of the firing range used for the experiment.
The targets were. positioned from left to right, as one looks downrange, at
distances oi 800, 1200, 1500, and 2000 m. TP-T ammunition was fired on the
targets at 800, 1200, and 1500 m, and HEAT-T at 2000 m.

Each target consisted of a 6- by 8-ft canvas panel mounted on wooden
frames and centered on a 35-ft-square wire screen supported by wooden poles.
The wire screen allowed measurement of the impact point coordinates of those

6
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rounds that missed the canvas panel. A 4- by 2-ft cross was laced in the center
oi each panel to provide the gunners with a well-defined aiming point.

The cant ramp was constructed of earth graded into a mound. The slope
on either side of the ramp allowed positioning a tank at the appropriate degree

S-135 ft
6- by 8-ft canvas target /
centered on a 35- by 35-ft,,
wire screen located at o Ieach of the four ranges • Io

(135 ft between target /
centers) I

E

C.!0

0

E

Cant rarm.•--

Fig. 2-Experimental Loyout of St Lo Range at Ft Stewart, Go.

of hull tilt--5, 10, or 15 deg-so that the desired degree of trunnion cant could
be introduced simply by rotating the turret 90 deg. These movements are il-
lustrated in Figs. 3 and 4.

Procedure

Two different sets of four M60-qualified gunners were used in the firing
tests. Firings with the standard reticle were conducted first in order to pre-
vent the gunners from learning about the aim-offs on the modified reticle. The
gunners using the standard reticle were considered to be above average, how-
ever, since three of them had fired from cantcd positions (but without a modi-
fied reticle) in a previous experiment in Germany. A description of the step-
by-step experimental procedure is outlined in App A.

7

CONFIDENTIAL



CONViDiNTiAL

Hull tilt Trunnion cant

Fig. 3 -Trunnion Cant from Hull Tilt

5 deg R 5deg L
10 deg R 10 deg L

Fig. 4-The Six Firing Positions on the Cant Ramp

Each round fired was sensed by a spotter using a battery commander (BC)
scope positioned at the firing line. This sensing information was given to the
gunner to use in relaying the gun before firing the second round. Existence
of this information also allowed two gunners to complete their firings from one
position on the ramp before the field team went downrange to examine and re-
pair the target panel and wire screen. Miss distances (i.e., impact-point coor-
dinates), measured horizontally and vertically from the center of the canvas
panel, were estimated to the nearest 'A ft for shots striking the panel and to
the nearest 1/2 ft for shots striking the screcn.

RESULTS

Hit Probabilities

Two hit probabilities were calculated directly from the miss distances,
i.e., impact-point coordinates, measured during the expe--iment: the proba-
bility Pi of scoring a first-round hit and the probability P2NI of scoring a
second-round hit given a first-round miss. The standard procedure5 for de-
termining these probabilities involves calculation of the mean horizontal and
vertical miss distances and the corresponding standard deviations, and the
assumrtion that horizontal and vertical miss distances are normally and

8
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independently distributed. These two probabilities can be used to calculate the
probability P1,2 of obtaining either a first-round or a second-round hit: (a)
probability of first-round hit PI; (b) probability of first-round miss, 1 - PI;
(c) probability of first-round miss followed by second-round hit, P2M (1 - PI);

(d) therefore, P1,2 = P2 %1 (1 - PI) + P1.
The actual computation of these various probabilities was complicated by

two problems in the experimental procedure: (a) sometimes a second round
was fired after a first-round hit, contrary to the experimental design, either
because the first round was sensed off the target or not sensed at all, or be-
cause the first round struck very close to an edge of the canvas panel, thus
making impossible a decision from the firing line; and (b) for some rounds no
impact points could be found on either the canvas panel or the wire screen.

In the analysis, second rounds following first-round hits were counted if
the hits were at a target edge but omitted otherwise. Only two rounds were
omitted for this reason: one HEP and one HEAT, both with the modified reticle.

Lost rounds, i.e., those for which no impact points were found on the screen
or the panel, were treated in both of two ways: (a) observer-sensing estimates
of miss distances were used, and (b) the rounds were not included in the anal-
ysis. The results from treatments a and b are tabulated separately. In treat-
ment a, miss distances have been assigned as follows to rounds sensed off the
screen; for rounds sensed wide to the left, assign - 20 ft for horizontal miss
distance and do not include a vertical miss distance; wide right, 20 ft horizontal
and ignore vertical; over screen, 20 ft vertical and ignore horizontal; under
screen, -20 ft vertical and ignore horizontal. This procedure is completely
arbitrary, to be sure; it is simply one plausible way of including lost rounds
in the calculation of hit probabilities. In the study, 11 rounds were lost, all
with TP-T ammunition; 8 with the standard reticle, including 1 sensed in the
screen; anid 3 with the modified reticle, including 2 sensed in the screen.

In the experimental design three factors have been varied identically for
both reticles: cant angle, cant direction, and target range. For TP-T firings
three levels of cant angle, two of cant direction, and three of range were used;
the same was true for HEAT-T firings, except that only one level of range was
used. The eyperimental hit probabilities are given in Tables 2 and 3. Ninety-
five percent confidence intervals were compu.ed for the mean horizontal and
vertical miss distances; these were used to calculate 95 percent confidence
intervals for the hit probabilities, which are shown in parentheses in Tables
2 and 3.

Overall, the firings employing the modified reticle resulted in significantly
higher hit probabilities than were obtained from the standard reticle firings.
Of primary importance is the increased hit probability of first- or second-round
fire employing the modified reticle in comparison to the standard reticle by a
factor of 1.5 to 2.

Comparison of Observer-Sensing Data
with Actual Miss Distance

A secondary objective of this experiment was to compare the impact-
point coordinates estimated by using a BC scope at the firing line with the
miss distances measured on the target panel or wire screen. Thirty-five

9

CONFIDENTIAL



(ONIFIDE NTIAL

TABLE 2

Hit Probabilities with TP-T Ammunition

Standard reticle, Modified reticle, Standard reticle, Modified reticle,

Factors Level Round incl lost rounds in( I lost rounds excl lost rounds excl lost rounds

All 1 0 .18 a( 0 . 16 -0. 18 )b 0.39 (0.33-0.42) 0.26 (0.24-0.26) 0.41 (0.35-0.45)
2 0.18 (0.15-0.19) 0.36 (0.31-0.36) 0.23 (0.19-0.24) 0.49 (0.43-0.50)
1 or 2 0.33 (0 29-0.34) 0.61 (0.54-0.63) 0.43 (0.39-0.44) 0.70 (0.63-0.73)

Direction L 1 0.15 (0.11-0.17) 0.28 (0.18-0.36) 0.24 (0.17- 0.27) 0.30 (0.19-0.40)
2 0.14 (0.07-0.18) 0.27 (0.17-0.31) 0.19 (0.10-0 23) 0.42 (0.27-0.49)
1 or 2 0.27 (0.17-0.32) 0.47 (0.32-0.56) 0.38 (0.26-0.44) 0.60 (0.41-0.69)

R 1 0.21 (0.15-0 25) 0.53 (0.46-0.54) 0.27 (0.19-0.32) 0.53 (0.46-0.54)
2 0.26 (0.18-0.28) 0.56 (0.45-0.57) 0.28 (0.20-0.30) 0.56 (0.45-0.57)
1 or 2 0.42 (0.30-0.46) 0.80 (0.70-0.81) 0.48 (0.35-0.52) 0.80 (0.71-0.81)

Angle, 5 1 0.27 '0.18-031) 0.48 (0.35-0.53) 0.34 (0.24-0.38) 0.48 (0.34-0.54)
deg 2 0.65 (0.39-0.75) 0.73 (0.41-0.82) 0.65 (0--9-0.75) 0.73 (0.41-0.82)

1 or 2 0.75 (050-0 83) 0.86 (0.62-0.92) 0.77 (0.54-0.85) 0.86 (0.61-0.92)
10 1 0.16 (0.12-0.17) 0.32 (0.21-0.37) 0.22 (0.15-0 24) 0.37 (0.24-0.44)

2 0.11 (0.05-0.12) 0.56 (0.33-0.64) 0.15 (0.08-0.16) 0.56 (0.33-0.64)
1 or 2 0.26 (0.17-0.28) 0.70 (0.47-0.77) 0.34 (0.22-0.37) 0.72 (0.49-0.80)

15 J 0.'3 (0.11-0.13) 0.38 (0.28-0.40) 0.24 (0.18-0.24) 0.38 (0.28-0.40)
2 0.18 (0.12-0.19) 0 22 (0.13-0.25) 0.19 (0.12-0.20) 0.36 (0.22-0.40)
1 or 2 0.29 (0.21-0.30) 0.52 (0.37-0.55) 0 38 (0.28-0.39) 0.60 (0.44-0.64)

Range, m 800 1 0.40 (0.31-0.42) 0.77 (0.62-0.88) 0.40 (0.31-0.42) 0 77 (0 62-0.88)
2 0.08 (0.01-0.13) 0.76 (0.47-0.93) 0.14 (0.01-0.21) 0.76 (0.47-0.93)
1 or 2 0.45 (0.32-0.49) 0.95 (0.80-0 99) 0.49 (0.32--0 54) 0.95 (0.80-0.99)

1200 1 0 16 (0.12-0.16) 0.39 (0.26-0.4 7) 026 (0 21-0.26) 0.49 (0.31-0.61)
2 0.26 (0.17-0 27) 0,32 (0.23-0.32) 0.26 4,0.17-0.27) 0.74 (0.53-0.80)
I or 2 0.38 (0.27-0.39) 0.59 (0.43-0.64) 0.45 (0.34-0.45) 0 87 (0.68--G.92)

1500 1 0.12 (0.09-0.12) 0 25 (0.19-0.26) 0.20 (0.14-0.21) 0.25 (0.19-0.26)
2 0.22 (0.14-0.25) 0.33 (0.26-033) 0.23 (0.15-0.25) 0.33 (0.26-0.33)
1 or 2 0.31 (0.22-0.34) 0.49 (0.40-0.50) 0 38 (0.27-0.40) 0.49 (0.40-0.50)

aExperimental hit p:obabilities.
bRange of hit probabilities determined from 95 percent confidence intervals of mean impact-point

coordinates.

TABLE 3

Hit ProbabiliTies with HEAT-T Ammunition
(All factors)

Round Standard reticle Modified reticle

1 0.34 (0.23-0.34) 0.47 (0 23-0.61)
2 0.24 (0 10-0.26) 0.68 (0.32-0.80)

1 or 2 0.49 (0.30-0.51) 0 83 (0.48-0.92)

10
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percent of the rounds were sensed only to the nearest quadrant; 85 percent of
these were sensed correctly. For the remaining 65 percent of the rounds, miss
distances were estimated.

Figure 5 shows the cumulativ3 percentage of rounds fired at each range
as a function of the absolute difference between the estimated (BC scope) and
measured miss distances. Rounds that struck the canvas panel are grouped
separately in Fig. 5 from those that passed through the wire screen. It is
evident from the graphs that rounds that passed through the panel were more
precisely located than rounds that passed through the screen. This was due
partly to the 1-ft scale clearly marked on the panel and partly to the well-
defined holes left by a round passing througr. the panel. Positions of rounds
passing through the screen had to be estimated by observing their tracers.

12
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Appendix A

DATA-COLLECTION PLAN

Tables
Al. Firing Order of Experiment 15
A2. Zeroing Information 15
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Cant Experimental Procedure

(1) M60 tank is fired from a level position beside the ramp to esLablish
or confirm zero daily.

(2) M60 tank equipped with standard reticle is driven to position on ramp,
corresponding to 15 'A/2-deg cant.

(3) Gunner's quadrant is used to measure angle of cant.
(4) Applicable target, cant angle, and direction of cant are pointed out to

gunner to avoid errors in gunner's judgment.
(5) Aim-off due to cant (engraved on modified reticle, estimated by

gunner when using standard reticle) is sighted.
(6) Aim-off data are recorded before first round is fired.
(7) First round is fired, scored as target hit or miss, and recorded.
(8) If hit occurs, target at another range is directed to be engaged.
(9) If miss occurs, aim-oft is adjusted from first-round sevnsing.

(10) Aim-off data are recorded before second round is fireQ.
(11) Second round is fired, scored, and recorded.
(12) Target at another range is directed to be engaged.
(13) Procedures 5 to 12 are repeated in order until firings have been con-

ducted on targets at 800, 1200, and 1500 m.
(14) Second gvpn&,r r peats procedures 4 to 12.
(15) Targets and wire screens at 800, 1200, and 1500 m are measured

for horizontal and vertical miss distances of rounds from origin of target and
properly marked.

(16) Gunner's quadrant is used to measure angle of cant at end of specific
cant-angle firing.

(17) Tank is driven to next position on ramp corresponding to next cant
angle to be investigated (i.e., 15 deg L to 10 deg L to 5 deg L to 5 deg R to 10
deg R to 15 deg R).

(18) Procedures 2 to 17 are repeated for all 6 ramp positions. This com-
pletes TP-T firings using the standard reticle.

(19) Two of the four gunners are randomly selected to fire HEAT-T
ammunition.

(20), Procedures 1 to 17 are followed with these modifications: (a) only
the target at 2000 m is fired on, and (b) both gunners complete three po3itions
on one side of the ramp before the target is scored and marked. This completes
HEAT-T firings using the standard reticle.

(21) M60 tank is fitted with modified reticle for remaining firings.
(22) Procedures 1 to 20 are now repeated. This completes TP-T and

HEAT-T firings with the modified reticle.

14
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TABLE A!

Firin2 Orde, of Experiment

Cant angle,
dog Diiec; ion Range, in, to target in order of engagemeit

Dnys 1-5 (25-29 June 1963), Days 7-9 (11-3 July 1963), Modified
SStaodard Retirle, TP-T Ammunition Reticle, TP.T Ammunition

Gunner A Gunner 3 Gunner E Gunner F

15 L 800, 1500, 1200 1500, 1200, 800 800, 1500, 1200 1500, 1200, 800
10 L 1 !00, j00, 1500 1500, 1200, 800 1200, 800, i500 1500, 1200, 8 0 bb

5 L 800, 1206, 1500 1200, 800, 1500 800, 1200, 1500 1200, 800, 1500
5 R 1200, 800, 1500 800, 120U, 1500 1200, 800, 1500 800, 1200, 1500

10 R 1500, 1200, 800 1200, 1-500, 800 1500, 1200, 800 1200, 1)00, 800
15 R 1500, 800, 1200 800, 121), 1500 1500, 800, 1200 800, 1200, 1500

Gunner C Ginner D Gunner G Gunner H

15 L 1500, 1200, 800 800, 1200, 1500 1500, 12(0,, 800 800, 1200, 1500
10 L 800, 1200, 1500 800, 1500, 1200 800, 1200, 1500c 800, 1200, 1500
5 L 1500, 800, 1200 1500,1200, 800 1500, 800, 1200 1500, 1200, 800
5 R 12U0, 1500, 80'j 1500,1200, 800 1200, 1500, 800 1500, 1200, 800

10 R 800, 1500, 1.00 1200, 800, 1500 800, 1500, 1200 1200, 800, 1500
15 R 1500, 1200, 800 800, 1200, 1500 1500, 1200, 800 800, 1200, 1500

Day 6 (30 Junr 1963), Standard Days 9-10 (3-4 July 1963), Modified
Reticle. HEAT.T Ammunition Reticle, 14EAT-T Ammunition

Gunner An Gunner D° Gunner Ed Gunner Gd

15 L 2000 "'U0 2000 2000
10 L 2000 2000 2000 2000

5 L 2CO0 2000 2000 2000
S R 2000 2000 2000 2000

10 Ii 2000 2000 2000 2000
15 R 2000 2000 2000 2000

'aTwo of the four gunners who fired rP-T ammunition wih the standard reticle w:re andomly selected
to fire HEAT-T amrunit.on. '-'ith the staidard reticle.

bon completion of lO-deg L cant firings, gunner F was injurer! and replacel by grinner G, who completed

5-deg L and 5-, 10-, ,nd 15-deg R cant firings.
SCOn completion of 10.deg L cant firings, gunner G was replaced by Gunner F, who completed 5-deg L

and 5-, 10-, and 15-dep R cant firings.
dTwo of the four ganners who fired TP-T ammunition with the modified reticle were randomly sejected

to fire HEAT-'I ammunition witl. the modified reticle.

TABLE A2

Zeroing Information

Reticle

Standa,d Modified

"":iring Ammunition

TP-T, HIEAT-T TP-T, HEt.T-T

Zeruinga Ammunition

TP-T, HEAT-T APDS-T APDS-T

aZeroing ange is 1200 mr
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Appendix B

MIS3-DISTANCE DATA

Tables
B1. Miss Distances for TP-T Ammunition, Standard Reticle 18
B2. Miss Distances for TP-T Ammunition, Modified Reticle 19
B3. Miss Distances for HEAT-T Ammunition 20
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TABLE BI

Miss Distances for TP-T Ammunition, Standard Peticle
(In feet)

Gunner

e, Direction
Round number

1 2 T 1 2 1 2 1 2

15 dog L

800 Horizontal -8 -6% -8Y -4 -2Y2 - -2Y2
Vertical -3 +5 -4 +13 -1 - -1I

1200 Horizontal -9 -2 -14 -14Y + 1 - 0 +1%

Vertical -4Y -9% -4% -5i/4 + Y2 - +4Y2 +%

1500 Horizontal (-20)a -1Y (-20)a 0 - + 4 +1 +%
Vertical - +3 - +6 ( 2 0 )a + 2% +3% + 3%

10 dog L

800 Horizontal -6 -- -6 - -1 - -2
Vertical -3% (+20)a -3% (+20)a -2Y - -3 -

1200 Horizontal -2 -152 -14Y --3Y +2 - -1 -

Vertical -9y -8Y -7Y +6 +2% - +2 -

1500 Horizontal -16% -6 -17Y + Y2 +5 -3 +4 -

Vertical -7 +10 -4 +10 +5 +1%Y -3 -

5 deg L

800 Horizontal 0 - +/ - -1Y - +1 -

Vertical -X - - Y4 +2 - -1 -.

1200 Horizontal 0 - -10 -1 +4 -1 (+ 2 0 )a +2
Vertical +2 - +2 -1 +11/a +2% - + 1

1500 Horizontal -I - -1% - ý-2 -2 +10 +2%
Vertical +1 - +3 - +4 +1 -2 +4%

5 deg R

800 Horizontal +Y - -4 - -1 - -5 -1%
Vertical -Y - 0 - + X - +15 +1

1200 Horizontal +9 +2 +4 +4 +6 +1 -% -

Vertical 0 + % + i4 -% +11/4 -2 + 1% -

1500 Horizontal +5 -3 +5 +5 -10 -% +% -
Vertical 0 +4 1 1 +% +3Y +5 43 -

10 deg R

800 Horizontal -Y4  - +±Y - -2 - -% -

Vertical -1Y - -1 - +1 - + 1 -

1200 Horizontal +- 6 +6 -% -4 +4 +1 -
Vertical (+20)a -2 -1 +% +1 +2 +1 -

1500 Horizontal +6 -7 +7 -4% -9 +4% -6 0
Vertical +1% -15 +Y 0 +4 +3 +6% +1%

15 deg R

800 Horizontal +8 -9% ±6 +1 +1 - + % -
Vertical 0 0 -1 +5 +2 - + 1 -

1200 Horizontal +9V +4 +3 0 +3% - +4 -

Vertical 0 -% +8 -2 +2Y - +2 -

1500 Horizontal +17 (-41)a +15% +16 -5 +1 +5% 0
Vertical -% (+1 0 )a -2 -3 +7 +6 +2 +3%

aObserver-sensing data are enclosed ini parentheses.
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Mis Ditanes or TABLE B2{

Miss Distances for TP-T Ammunition, Modified Reticle-

(In feet)

GunnerSA B C D
"Range, m Dire,:tion B DS~Round number

1 2 ) 2 .2 ... 2

15 deg L
800 Horizontal -1 0 0 !/2 -1Vertical +3Y2 -2 +2 - +1 - 01200 Horizontal -3 -2 -5 - 5% -2 -4% -1Vetial +4 +2' +3 (- 2 0 )a +2'/ i-'A *1 +2'/:•Vertical +4 +2Y2+% 1 2

1500 Horizontal -6 -7 -9 -7 -12 -5 -12 -8Vertical -9 -10% +3% -3a 0 0 +1. +

10 deg L
800 Horizontal -'A - 0 - - - -1 -

Vertical + 1 - + 2/ - 0 - 0"1200 Horizontal (- 1 5 )a -4Y -7 -2 -3 - -6 -2YVertical ( 6 )a +3Y +5 +2 -2 - +2% -'21500 Horizontal -4% +1Y2  -17% 0 -6 -5 -10' -2Vertical +4 +2% -2% +2 -1 +V +3Y +3

5 deg L
800 Horizontal -2 - -3 - -% - -1--•-Vertical +2 - -• Y2 +2 -- -1%

1200 H nr;'ontal -2 +2 -3 - -3 0 -1 
V +

Vertical +5 +1 + - +4%' +3 -11/21500 Horizontal +Y4 - -2V - -12 +2 -3Vertical +2 - 3 - -3% +3% +3

5 deg R
800 Horizontal -1 - -7 -1 -1• - -4 -3Vertical - - -1 +1% +1% - +% +%1200 Horizontal +10 +5 -3 ýq (+5 )a 0 -2% -1Vertical +1 -1 +3% +1 (+2%)a 0 + % +21500 Horizontal +3 - -1 - +8% +5% +% -Vertical +23 - +3 - +1% 0 +% %

10 deg R
800 Horizontal -4 - -4`2 -4%2 -4% -2% -% -Vertical 0 - 0 0 0 1 01200 Horizontal + % - -5 +4 0 - 0 -Vertical +1% - +4% +1V +% - +% -I500 Horizontal +6 +1 +2 - +6 +6% +5 +1Vertical +7A/2 +66% +1 - -1 0 0 -% Y

15 deg R
800 Horizontal -4 -2 -4% -4 -.5% -5 -4 -3Y"Vertical -% -1 0 0 -% 0 0 -Y1200 Horizontal + Y -2 - +I - - -

Vertical + -% -1 - - Y - -1 -1501 Horizontal +8% +7% -9 0 +4% +4 +6% +6Vertical 0 -4 0 +3 -2% -3 -1 0

'Observer-sensing data are enclosed n parentheses.
a:19
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TABLE B3

Miss Distances for HEAT-T Ammunitiona
(At 2000-m range; miss disfance,, in feet)

Gunner Round 15deg L 10 deg L 5 deg L 5 deg R 10 deg R 15 deg R

number HHroizVert HorizVert Horiz Vert Horiz Vert Horiz Vet Hor V

Standard Reticle

A 1 +8 +3 -7 -6 -6Y2 -1 +2 -1 +4 -4 0 +5
2 -6 -5 +4V2 +5 +2Y2 +2 - - + Y +3 -'6 +'/2

D 1 -4V2 +Y -6 -'Y -3,' +5Y2 +!/2 +2 +5Y2 -4Y2 +2 +2
2 -4Y2 +1 -12 -4Y2 -6 +2 - - 45 0 - -

Modified Reticle

E 1 +4 -2 0 -4 -6 0 -5 -2 -9 -'A -3 +1
2 - - - - +2 +1V/2 +1/ -4 -3V2 0 - -

G 1 +4 -4 + /z-1 --4 0 -6 - Y -7 +121 -5 0
2 +2 -2!,2 +3 +3'Y -3 -4 -2 -1 -1 !V -3V2 0

aFor all firings with the modified reticle, except for Gunner i"'s round at 15-deg L cant, the canvas

panel was rotated 90 deg, i.e., it was 8 ft high and 6 ft wide.
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